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II appropriately for start site selection. Significantly, the Getting Secretory Granules
authors find that a IBD/Inr complex can be docked onto Ready for Prime Timethe yeast RNA polymerase II structure (Cramer et al.,
2001) without steric clash between the two proteins and
places the polymerase in a position to interact with
the 1 position of the transcription start site (Figure 1). Several rare human diseases have shed important light
on the secretory pathway required for lymphocyte cy-Indeed, it is quite remarkable that a single IBP might be
totoxicity. In this issue of Cell, Feldmann et al. identifyable to orchestrate this entire process.
mutations in Munc13-4 as a cause of familial hemo-While some of the basic structural and functional fea-
phagocytic lymphohistiocytosis. Munc13-4 appears totures for start site selection in T. vaginalis are likely to
be involved in the priming of cytotoxic granules priorbe conserved in metazoan organisms, it is also likely
to fusion with the plasma membrane.that many differences will exist. This is particularly true
for TATA box-containing promoters, where TFIIB and
The study of a rare genetic disorder is sometimes re-the TBP subunit of TFIID have been shown to play partic-
warded by an unexpected and valuable insight into aularly important roles in start site selection (Li et al.,
fundamental biological problem. This principal is nicely1994). In addition, the precise role played by the CTD
illustrated by the work of Feldmann and colleagues re-of metazoan RNA polymerases in transcription initiation
ported in this issue of Cell (Feldmann et al., 2003). Theis not clear, and whether it plays an analogous role in
story begins with 10 patients from 7 families with the raretargeting core factors to the promoter is an open ques-
immunoproliferative syndrome familial hemophagocytiction. Differences in start site selection between T. vagi-
lymphohistiocytosis, or FHL. FHL is an often-fatal child-nalis and metazoan organisms likely correlate with the
hood disorder, characterized by infiltration of multiplemore complex and variable promoter elements in meta-
organs by activated T cells and macrophages. Patients
zoan species that may contribute to the more complex
with the related disorders Chediak-Higashi syndrome
pattern of gene expression. Nonetheless, studies from
and Griscelli syndrome also exhibit partial albinism. Mo-
primitive organisms such as T. vaginalis will continue to lecular analysis of these rare genetic diseases has con-
provide new surprises and insights into the evolution tributed significantly to our understanding of the granule
and mechanisms of transcription initiation as well as exocytosis pathway integral to target cell killing by cyto-
other biological processes at its most basic level. toxic T lymphocytes (CTL) and natural killer (NK) cells.
These processes are central to the mechanism of alloge-
neic graft rejection, the clearance of tumors and virus-
infected cells, and the overall maintenance of lympho-Ronen Marmorstein
cyte homeostasis. Proteins mediating target cell killing,The Wistar Institute and the Department
including perforin and granzymes A and B, are containedof Chemistry
within preformed lytic granules (Russell and Ley, 2002).University of Pennsylvania
The killer lymphocyte forms a close connection with itsPhiladelphia, Pennsylvania 19104
target at the contact interface. Specific signals then
trigger vectorial movement of lytic granules to the site
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Feldmann et al. identified the gene responsible for FHL3 tant for presynaptic plasticity (Rosenmund et al., 2002).
as the human ortholog of rat Munc13-4, a member of Unlike neuronal vesicles, which need to constantly stand
the Unc-13 gene family which is required for locomotion ready to release neurotransmitters in response to cal-
and nervous system function in C. elegans. Though cium influx, lytic granule movement occurs after target
there is only a single Unc-13 gene in C. elegans and in cell recognition, with killing completed within minutes.
Drosophila, at least five Munc-13-like proteins have It remains to be seen whether Munc13-4 functions in a
been identified in vertebrates (Munc13-1, Munc13-2, step equivalent to the priming of synaptic vesicles, and
Munc13-3, Munc13-4, and BAP3). Munc13-4 is the only if so, what regulatory role the priming step plays in lym-
ubiquitously expressed member of this family, with the phocyte-mediated killing. The discovery of a critical
other members expressed predominantly in neurons, function of Munc13-4 in cytolytic vesicle release should
with some evidence for partially overlapping function lead to a better understanding of the unique events that
(Varoqueaux et al., 2002). occur during cytotoxic granule exocytosis, as well as
Considerable evidence supports an important role the more general process of membrane fusion.
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strate that tagged Munc13-4 partially colocalizes with
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T cell and its target.
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Although Munc13-4 expression is detected in multiple 9042.
tissues, the phenotype of FHL3 appears to be limited
to the dysfunction of CTL and NK cells. However, it
remains possible that more subtle defects in vesicle
secretion in other tissues have eluded clinical identifica-
Cortical Patches on the Movetion or are masked by functional overlap with other pro-
teins. It is interesting to note that, despite the general-
ized cytolytic granule secretion defect caused by
Munc13-4 mutation, FHL3 patients are clinically indistin-
Endocytosis is the primary means by which eukaryoticguishable from FHL2 patients. This observation sug-
cells internalize materials from the environment. How-gests that perforin is the key component of the lytic
ever, while many components of the endocytic ma-granule, or that it is essential for the delivery of the
chinery are known, the timing of molecular eventsgranzymes and other vesicle contents to the target cell.
leading to endocytosis remains undefined. In this issueThis notion is consistent with the observation that per-
of Cell, Kaksonen et al. use real-time microscopy toforin-deficient mice are more susceptible to tumor initia-
define the temporal assembly of components of thetion than granzyme A and B double knockout mice
endocytic machinery in the yeast S. cerevisiae. They(Smyth et al., 2003).
also provide new insight into how the actin cytoskele-Although there are similarities between cytotoxic
ton is coordinated with the endocytic machinery.granule exocytosis and synaptic vesicle exocytosis, sig-
nificant differences exist. Unique features of the immu-
Endocytosis is critical for a variety of cellular processesnological “synapse” include the transfer of membrane
including nutrient uptake and receptor downregulation.proteins between cells and the ability of CTL to be serial
During endocytosis, the plasma membrane is invagi-killers, forming synapses with multiple targets consecu-
nated and vesicles are pinched off to internalize mem-tively. Priming is thought to control the amount and
activity dependence of neurotransmitter release impor- brane lipid, associated proteins, and extracellular mate-
